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INTRODUCTION o •
Photoionization cross sections and matrix elements for ground and excited states are important in Resonance Ionization Spectroscopy I and one-atom detection. Some transitions in Na and K are important in studies of chemically driven visible laser amplifiers using fast near-resonant energy transfer. 2 On the fundamental side, van der Waals forces and the Casimir force represent the limiting cases of cavity QED and the resonance lines of Na and Rb may be studied in the laboratory to test QED. 3 Also, the atomic physics of multicharged and many-electron ions and their behavior under different plasma conditions is needed to search for new X-ray laser active media, particularly to reach the "water window "4 where the highest difference between the absorption coefficients of O and C occurs.
COMPLETED RESEARCH
For the period covered by this report we investigated and accomplished the following'
A.
Electron Scattering from Atomic K.
Electron impact elastic, excitation and total cross sections for K have been investigated _°using elaborate CI target wave functions in the close-coupling approximation.
Coupling effects have been studied by comparing 7CC and 5CC results. The 7CC calculation coupled the states 4s 2S, 5s 2S, 3d 2D, 4p 2pO, 4d 2D, 5p 2pOand 6s 2S while the 5CC consisted of the 7CC states less the 4d 2D the 6s ZS states. We found the important result that the cross section for the dipole-forbidden transition 4s 2S --, 3d 2D is large due to the virtual double-dipole mechanism. 5 For the total cross section, _r T there is a large discrepancy near threshold between the 
B. Photoionization of Na near the 2sZ2p53s and 2s2pe3s Innershell Thresholds
Photoionization cross sections from ground state Na have been measured _°'11 and calculated 12 near the 2sZ2p53s and 2s2p63s inner-shell thresholds. Also, the 
C. Charge Transfer Matrix Elements
Charge transfer is important in ion-atom (ion) collisions to understand inter alia chemical reactions. The proton-hydrogen collision problem is quantum mechanically a three-body problem. However, in the approximation of straight-line trajectories for the protons, the problem simplifies considerably; it reduces to the solution of the oneelectron time-dependent Schr_dinger equation. In the coupled channel calculation of one electron in the field of two classically moving nuclei, the evaluation of oneelectron, two-center, three-dimensional integrals is most troublesome.
Various approaches have been employed over the years, depending upon the nature of the particular problem.
Recently, welP'have developed a numerical approach to calculate the charge transfer matrix elements and used the proton-hydrogen collision problem as illustration. The procedure involves reducing the initial integrals to one-dimensional integrals by using a Feynman integral technique and modified spherical Bessel function of the third kind. A special routine which uses continuation in the complex plane has been designed to evaluate the integrals in the region far away from the target to remove their rapid oscillation in this region. This analytic continuation is then computed using the Gauss-Laguerre method. The resultant coupled differential equations are solved by the Runge-Kutta method. Charge transfer cross sections for proton-hydrogen scattering have been compared with those of Cheshire and of Rapp to check the calculation.
The method will be extended so that it is valid also for low energy --5 keV through the use of molecular orbitals.
D.
Other Accomplishments 
E. Graduate Students Supported (Partially or Fully)
Ms. Sheryl Good; G. Ndow and Stephen Hiamang.
PROPOSED RESEARCH
We propose the following:
.
Construction of an elaborate CI target wave function for K for use in the Rmatrix method14 to investigate the behavior of <T Rin the energy range 2_< E< 15 eV. We hope to give a definite answer to the question; Is the measureds minimum in ¢r_real and due to the formation of K?
• Investigation of electron impact excitation cross sections for the core-excited quartet levels of Na and K which are metastable against autoionization. These are important for understanding atomic spectroscopy and the construction of XUV lasers. 
